Moloney murine leukemia virus, disrupted in concentrations of 0.1 to 0.5% Nonidet P-40, catalyzed the cleavage of p65, the gag gene polyprotein of the Gazdar strain of murine sarcoma virus, into polypeptides with sizes and antigenic determinants of murine leukemia virus-specified p30, p15, pp12, and plO. Cleavage perforned in the presence of 0.15% Nonidet P-40 in water yielded polypeptides of .40,000 (P40) and 25,000 (P25) Mr. In vitro cleavage performed in a buffered solution containing dithiothreitol in addition to 0.1% Nonidet P-40 allowed the efficient processing of P40 to p30 and a band migrating with plO. Immunoprecipitation with monospecific sera indicated that P40 contained p30 and plO, whereas P25 contained p15 and ppl2 determinants. P40 and P25 are similar in size and antigenic properties to Pr40ag and Pr25ag observed in infected cells (Naso et al., J. Virol. 32:187-198, 1979).
The Gazdar strain of murine sarcoma virus (Gz-MuSV) is a replication-defective virus that has acquired the 1.2-kilodalton mouse src sequence (2) . One line of hamster cells infected with the virus is capable of producing a noninfectious type A retrovirus with immature morphology. These infected cells (HTG2) and the released virus were shown to lack detectable gp7O, p15(E), plO antigenicity, and reverse transcriptase (1, 9) . The released virus maintained its spherical, highly organized structure. The virus contained one major polypeptide of about 65,000 Mr, termed p65. No mature p30, p15, ppl2, or plO were detected in the virus. p65 appears to be a gag gene product since it contains p15, p12, and p30 determinants (9) .
We have been interested in obtaining an appropriate substrate for use in the study ofmurine retrovirus-associated protease. Consequently, we tested disrupted preparations of Moloney murine leukemia virus (Mo-MuLV) for their ability to cleave Gz-MuSV p65. We report here that Mo-MuLV contains a protease activity capable of making what appears to be specific cleavages of p65 yielding proteins of the size and antigenic characteristics of p30, p15, p12, and plO.
In agreement with previous studies (9) , we have found that Gz-MuSV consists almost entirely of p65. No significant amount of mature proteins of the sizes of gp7O, p30, p15, p12(E), or plO was detected (Fig. la, lane B) , whereas the Mo-MuLV protein pattern contained all of these proteins (lane A). Cleavage of [3H]leucine-labeled p65 to proteins of 40,000 Mr (P40) and 25,000 Mr (P25) occurred when [3H]leucine-labeled Gz-MuSV was incubated with unlabeled Mo-MuLV in Nonidet P-40 (NP-40) at room temperature (Fig. la, lanes C to G) . Minor amounts of a 12,000 (12K) (labeled b) and 15K protein (labeled a) were also produced. The protein labeled b had the mobility of viral p15. The protein labeled a migrated with pl2(E)-ppl2. Our previous studies have shown that MoMuLV p15 migrates faster in our sodium dodecyl sulfate-polyacrylamide gel system than the ppl2 (8) . These results suggest that Gz-MuSV lacks a functional protease, and that addition ofthe MoMuLV in effect supplies the necessary cleavage enzyme(s). However, it cannot be excluded that factors other than the protease might be furnished by a competent helper virus.
The proteolytic cleavage of p65 to P40 and P25 was time dependent (Fig. 2) . The amount of cleavage of p65 as measured by the appearance of P40 and P25 at room temperature steadily increased for up to 6 h (Fig. 2a, lanes B to G) . Between 6 and 18 h of incubation, P25 appeared to decrease in amount while the a and b lower Mr polypeptides increased and a new band of about 20,000 Mr appeared (Fig. 2a, lane H) .
The rate and specificity of cleavage was found to be increased by the addition of 10 mM Trishydrochloride (pH 7.5), 10% glycerol, and 1 mM dithiothreitol (DTT) to the reaction mixture. Comparison of 3-h incubations under these new conditions (Fig. 2b, lane F) with the previous reaction conditions showed that substantially less p65 remained under the new conditions than the old (Fig. 2a, lane F) . A second major effect was that the Tris-DTT mixture allowed production of a p30-size polypeptide (Fig. 2b, lanes D  through H) . As the p30 size band increased (Fig.  2b, lanes D to H) , the P40 component decreased. After 18 h of incubation, P40 had completely disappeared and p30 was a major band (Fig. 2b , lane H). Along with this production of p30, there appeared a new band with a mobility similar to viral plO, termed band c (Fig. 2b, lanes F to H) and ppl2 determinants (7) . We performed the cleavage in two ways. First, cleavage was done in the unbuffered system that yields predominantly P40 and P25. In this experiment P40 was recognized by anti-p30 and anti-plO, but not by anti-p15 or anti-ppl2. In contrast to this, P25 gave the opposite results (results not shown). In a second experiment, cleavage of p65 was performed under the more efficient conditions (Fig.  3) . The results clearly showed that P40 contains p30 and plO determinants (Fig. 3, lanes C and  D) , whereas P25 contains p15 and ppl2 determinants (lanes E and F). We noted that both anti-p15 and anti-p12 sera precipitated small amounts of P40, whereas neither serum seemed to recognize p30 or plO. It seems likely that P40 and P25 tend to form aggregates with each other. Such aggregates, if they exist, must not be recognized by anti-p30 or anti-plO. Anti-p30 serum also recognized the p30-like band (lane C) but not the a, b, and c lower-Mr proteins. (4) . The precipitates were washed aIS described (3) and applied to 11.25% polyacrylamide gels ais described by Laemmli These results provide good evidence for the interpretation that p65 is undergoing faithful proteolytic processing resulting in the production of authentic viral gag gene products.
The cleavage reaction was strongly affected by subtle changes in the reaction mixture. Under the best conditions achieved thus far, p65 could be cleaved to proteins of the size and antigenic properties of p30, p15, ppl2, and plO. The yields of p15 and pp12-like species were low due to the slow rate of cleavage of P25. The conditions included 0.1% NP-40, 1 mM DTT, 10 mM Tris (pH 7.5), and 10% glycerol. However, under suboptimal conditions consisting of detergent in water, the cleavage of p65 appeared to be limited to one cut. The products of this limited cleavage were polypeptides of 40,000 Mr (P40) and 25,000 Mr (P25). The size and antigenic properties of these polypeptides suggest that they are similar to the well-characterized Pr40Va and Pr25ag, respectively, found in Rauscher MuLV-infected cells (7) . Pr406`9 contains p30 and plO tryptic peptides and antigenic determinants, whereas Pr259'9 contains p15 and ppl2. Thus, the limited cleavage reaction appears to be quite specific, although it remains to be determined whether there is exact correspondence in cleavage (i.e., the same peptide bond) when one compares the in vivo cleavage to the in vitro cleavage observed here. The finding that proteins of the size and antigenic properties of the four major core proteins are the final major products of the cleavage of p65 also strongly supports the idea that the Mo-MuLV-associated protease is acting in a specific and faithful manner.
The time course of cleavage of p65, when considered with the known gene order of p15-ppl2-p30-plO, allows one to predict the possible sequence of events occurring during in vitro cleavage. It appears that the first cleavage occurs between ppl2 and p30 generating P2515-12 and P403°-10. In the test tube reaction, under conditions utilized thus far, P40 is readily split into proteins with properties of p30 and p1O, whereas P25 is cleaved at a significantly slower rate, but yielding Mo-MuLV-like p15 and p12 proteins. Cleavage of P40 is probably dependent upon the presence of DTT, since Yoshinaka and Luftig (15) found that cleavage of a 40K protein in their in vitro reaction required DTT.
It is noteworthy to mention that Yoshinaka and Luftig (13) (14) (15) (16) Using conditions similar to those reported here, they produced P40 and P27 molecules as well as p30. In addition, their findings also showed that p6&1'9, as well as P40, contains plO determinants.
In contrast, the report by Pinter and deHarven (9) indicated that p65 lacked plO sequences. The reason for these conflicting results is unknown. In this regard, the ml strain of Mo-MuSV codes for a P60ga that lacks plO sequences, as does MuSV-124 (12). Therefore, it is possible that the Gazdar isolate may have retained more of the gag gene than the Moloney isolate.
Von der Helm (11) demonstrated that in vitro cleavage of Rous sarcoma virus Pr769'9 to the major internal virion proteins p12, p15, p19, and p27 involves viral protein p15 or a protein closely associated with it. The specific cleavage of Pr769`9 of avian myeloblastosis virus was also shown by Moelling et al. (6) to involve proteolytic activity associated with p15. In contrast, specific proteolytic activity in the MuLV does not appear to involve any of the major viral proteins (13, 16) . The specific in vitro cleavage of Gz-MuSV p65 into gag-related core proteins by way of intermediates analogous to that of MuLV cleavage in vivo may provide a sensitive and reproducible system for the study of MuLV processing and maturation and provide an assay for use in purification of the virus-associated protease. Also, Gz-MuSV provides a pure substrate (p65) essentially free of the lower-molecular-weight viral core proteins found in the assay utilizing immature cores used by Yoshinaka and Luftig (14) .
